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Abstract 
Ayutthaya is a popular tourist destination located about 76 km north of Bangkok. The climate of the province is 
typical of Central Thailand, comprising three (cool, hot, and rainy) seasons, with relatively small changes in average 
temperatures but significantly varying rainfall patterns. In this study, we present a geographic information system 
(GIS) used for the assessment and monitoring of the pollution in the watershed. The ArcInfo-based system combines 
geographic, meteorologic and hydrologic data for multiple uses. Water quality management is based on composite 
water quality index and corresponding water quality classes. The chief input parameters include temperature, pH, 
faecal bacteria count (FCB), dissolved oxygen (DO), nitrate (NO3), total phosphates (PO4), biochemical oxygen 
demand (BOD), suspended solids (SS), and total solids (TS), together with population density, rainfall and land-use. 
The initial results of year 2008-2009 show that water quality derogation is strongly related to high population density 
in the central (new City) districts that also affect the historical City. In addition, increased runoff from the mainly 
northern agricultural districts carries significant PO4, NO3, and BOD pollution to the Pa Sak River in the rainy 
season. The relationship between diversity index of mollusks and BOD, DO and WQI show the some correlate results 
of diversity index(H) and the quantity of oxygen in the water(DO). The low of diversity index almost locate at area of 
low DO. For other water quality indexes, there are no significant results in relation with diversity index of mollusks. 
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1. Introduction 
 Geographic Information Systems (GIS) are well-established software tools that combine cartographic 
and database technologies [9]. These information systems capture, store, manage, and present various 
data sets such as maps of cities, roads, rivers, and buildings that are linked to location. Users can create 
interactive queries, analyse spatial information, and thus better understand relationship and interactions 
between human activities and their surroundings. The results are viewed on maps, and this visualization 
provides advantages over traditional records and tables used in spreadsheets and databases. Spatial 
analyses and maps can discover complex patterns, point out problems, and reveal connections that may 
not be apparent in tables and in text [4] and thus greatly improve the management of complex system 
using multiple criterion [6].  
    In this study, we present a multi-purpose GIS implementation that is successfully used for the 
management, the system also has other important uses in flood protection and monitoring, municipal 
services, and other areas. This system relies on previously collected and publicly available elevation, 
stream network, rainfall, river discharge, and land-use data sets, and uses a digital discretization (grid 
representation) of the watershed for the approximation of average seasonal pollutant loads and 
concentrations of the Ayutthaya Province. The manuscript briefly describes the methodology used in the 
development of the water quality index and GIS database, and presents some the initial results obtained 
with system in years 2008 and 2009. 
2. Experimental 
2.1. Study Area  
Ayutthaya is situated about 76 km north of Bangkok, at latitude 13.8° N and longitude 100.4°E in the 
Central Plains. The study area of 300 km2 has a permanent population of about 117,800 according to 2009 
year census data. The central Island is at the confluence of three rivers; girthed by the Chao Praya River 
in the west and south, the Lopburi River in the north, and the Pa Sak River in the east. The area is further 
subdivided into sections by man-made canals. The combined discharge in the Chao Praya River flows 
southward to the Gulf of Thailand.  
The province is located on lowland flood plain, and the watershed has a distinguished national 
importance for including the historical City, a UNESCO World Heritage site. This ancient City was the 
former capital of the Kingdom for 417 years in medieval times, and had an estimated peak population of a 
million. The modern City (the provincial capital) is located nearby to the east. The major sources of 
employment in Ayutthaya province are agriculture, horticulture, and animal husbandry that engage almost 
80% of the workforce, but a range of industries (chemical, electronic, oil, textile, and food) are also 
season usually lasts from mid October to mid February, the hot season from mid February to mid May, 
and the rainy(monsoon period) from mid May to mid October. The annual rainfall and average 
temperature range provided by Thai Meteorological Department from about 340 mm to 1,052 mm and 22 
°C to 36 °C, respectively.  
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2.2. Hardware and software  
A new GIS system was developed to enhance the capabilities of existing conventional databases. To 
this end, a dedicated PC server was installed with large storage capacity and computing power to run the 
commercial ArcGIS Server (ESRI, Thailand Co. Ltd.) software. Local and remote users are connected to 
this server via an upgraded network that enables the required fast transmission of typically large map files 
onto individual (client) PCs. The client machines use ArcReader software that allows limited and 
controlled access to the central database system, and the end-users can manipulate the available data to 
obtain desired information. 
2.3. Methodology  
Existing databases were revised, updated, and imported into the ArcGIS software to provide separate 
layers on the maps created for study area. The most important GIS layers include roads, waterways, 
boundaries and names of community centres, rainfall, river sampling points, chemical data recorded, etc. 
- icularly useful in 
relating population density and human activities to water quality. As for any contemporary GIS system, 
individual layers can be selected and merged arbitrarily for processing and display. From the default 
resolution (provincial-level map), users can zoom in areas of interest, show all or only selected layers, 
including topography that is useful in hydrological queries, townships, roads, rivers and streams, lakes 
and reservoirs, and property ownership maps.  
Water quality indices are long established indicators [10], and being in use in various countries [2],  
[8], [5].The present system was designed in consultation with the Thai Meteorological Department, 
Ministry of Information and Communication Technology. Water quality data were collected at eight 
established sampling locations over three seasons. The data sets consisted of 45 samples per season for 
each location. The collected samples were analysed for 11 parameters, including water temperature, pH, 
TCB, FCB, DO, conductivity, NO3, PO4, BOD, SS, and TS. Analysis and revision have revealed that two 
of the available parameters are not necessary for the establishment of the water quality index. While 
conductivity is a useful indicator for all rivers, the observed value ranges were not in the range of 
concern. Besides, this parameter depends on the chemical compositions of waters, and thus does not 
allow simple and direct comparisons among the rivers. Further, a principal component analysis found that 
TCB is redundant and can be removed from the list of independent variables, since it had a strong 
correlation with FCB. The specific and significant physicochemical and bacterial parameters used in the 
creation of water quality index therefore include BOD, DO, FCB, NO3, PO4, SS, and TS. 
The composite weight overlay of water quality index employs a total of 10 spatial and water quality 
parameters according to the inverse exponential distance weighting scheme [9]. The spatial weight of 
arbitrary i location is obtained as 
 
 k
ijij dW          (1) 
 
with respect to j location of d distance. The value of k exponent (weighted degree) determines the 
degree of weight by distance. For larger exponent values the weights decline more sharply with distance, 
whereas for smaller exponent values distant observations receive relatively larger weights. 
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with Wd  total score of water quality, W factor weight, L level of factor, and f parameter factor. The 
weight percentages of individual parameters are listed in Table 1. 
Table 1. Weight Overlay Factors of Parameters 
Factor Weight overlay (%) 
Population 30 
Land-use 20 
Rainfall 5 
Dissolved oxygen 12 
Biochemical oxygen demand 10 
Fecal coliform bacteria 7 
Total phosphate 8 
Nitrates 3 
Suspended solids 3 
Total solids 2 
 
The water quality scores, indices (WQI) and corresponding water quality classes follow that of the 
Pollution Control Department of Thailand as shown in Table 2.  
Table 2. Classification of Water Quality 
Wd (%) Water quality index Water quality class 
90-100 1 Excellent 
70-90 2 Good 
50-70 3 Moderate 
25-50 4 Poor 
0-25 5 Very poor 
 
 
The algorithm of water quality assessment map determination is presented in Figure 1. 
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Figure. 1. Algorithm of Water Quality Assessment Mapping 
3. Results and discussion 
Seasonal variations  
The water quality indices and quality water classes during the seasons are summarised in Table 3.  
Table 3. Summary of Seasonal Water Quality 
Sampling River Cool season Hot  season Rainy season 
point  WQI Quality class WQI Quality class WQI Quality class 
A1 Pa Sak 4 Poor 3 Moderate 3 Moderate 
A2 Lopburi 3 Moderate 3 Moderate 2 Good 
A3 Klong Moeng 3 Moderate 3 Moderate 2 Good 
A4 Chao Praya 3 Moderate 3 Moderate 2 Good 
A5 Chao Praya 3 Moderate 3 Moderate 2 Good 
A6 Chao Praya 3 Moderate 3 Moderate 2 Good 
A7 Chao Praya 4 Poor 3 Moderate 2 Good 
A8 Pa Sak 4 Poor 4 Poor 3 Moderate 
 
The indices of the cool season show mostly moderate water quality, except that poor water quality is 
observed at sampling locations A1, A7 and A8. The hot season brings about some improvement in water 
quality, namely the class changes to "Moderate" at sampling points A1 and A7. A more significant 
improvement is observed in the rainy season, when the water quality class is "Good" in general, except at 
sampling locations A1 and A8. This is due to the diluting effect of the runoff [14].  
The above results indicate that the overall water quality of the rivers is moderate in the hot and cool 
seasons, and becomes generally good in the rainy season. The notable deviations are observed at A1, A7, 
and A8 sampling stations, which consistently (in each season) have poorer water quality indices than the 
rest. While these findings allow to make a basic assessment, traditional database tools have severe 
limitations in extracting and presenting valuable extra information [3]. Another tool which can described 
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the water quality is diversity index. The results show in table 4.  The upstream river (before Ko Moeng) 
demonstrated the higher H index than around Ko Moeng (community area in centre of Ayutthaya 
province). Undoubtly, the community, land use, and human activity have direct affects of diversity of mollusk.  
The biodiversity index is calculated from Shannon Weiner by using formula of Maryland Sea Grant(2005) 
 
Table 4. Diversity index H´ in various locations 
 
 Mollusk sp. Number Diversity index (H´) 
Upstream 
(before Ko Moeng) 
A1 1.Bithynia sp. 
2.Ensidens sp. 
3.Pomacea sp. 
9 
12 
16 
 
1.072 
 
 A2 1.Brotia sp. 
2.Bithynia sp. 
18 
14 
0.685 
 A4 1.Pomacea sp. 
2.Corbicula sp. 
3.Melanoides sp. 
13 
11 
15 
 
1.091 
(Around Ko Moeng) 
community areas 
A3 Pomacea sp. 
2.Filopaludina sp. 
3.Bithynia sp. 
10 
8 
17 
 
1.046 
 A5  Pomacea sp. 
2. Bithynia sp. 
6 
22 
0.520 
 A6 . Pomacea sp. 
2. Corbicula sp. 
15 
9 
0.662 
 A8 1. Pomacea sp. 
 Filopaludina sp. 
 
8 
0.681 
downstream) A7 1. Melanoides sp. 
2. Brotia sp. 
3. Pomacea sp. 
16 
12 
19 
 
1.082 
 
The formula of Diversity index defined by; 
 
           
S
i
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1
        (3) 
 
Table 5. Diversity Index, BOD, DO, SS and WQI in 3 Different Locations (1 year average) 
 
Water source location Diversity index, H´ (average) 
BOD 
(average) 
(mg/l) 
DO 
(average) 
(mg/l) 
SS 
(average) 
(mg/l) 
WQI 
(average) 
Before Ko Moeng 
upstream) 
 1.82 4.50 21.17 78.88 
Around Ko Moeng 
(Ayuthaya  island) 
 2.19 4.35 22.69 78.42 
(downstream) 1.082 2.50 4.00 23.67 76.78 
 
The results of H index and water quality indexes in different location could not showed significant 
results. However, when separate areas in site detail we can see that at A4 upstream (Toong Makam Yong) 
has the high H index of 1.091and at A8, A5(community area Ko Moeng) has the low H index 0.681 (Table 6). 
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Table 6. Diversity Index, BOD, DO, SS and WQI in Sampling Point Locations (1 year average) 
 
Water source Sampling point 
Diversity 
index, H 
BOD 
(mg/l) 
DO 
(mg/l) 
SS 
(mg/l) WQI 
(upstream) A  1.072 2.01    
A  0.685     
A4 1.091     
Ko Moeng 
(Ayuthaya island) 
A3 1.046     
A5 0.520     
A6 0.662     
A8 0.681     
 (downstream) A7 1.082     
Spatial variation and causes of pollution 
The GIS system provides a more detailed picture that covers the spatial variation of pollution levels 
over the three seasons (Figures 2-4). Figures  shows that the pollution level is minimal in the hot (and 
typically dry) season. Figures &4 show that the water quality degradation is observed in the cool and 
especially in the rainy seasons. This seasonal pattern indicates the controlling role of runoff. Additionally, 
WQI index show the same trend of GIS as shown in Table 3. The area around Ko Moeng is the most 
polluted in every season which can observe from dark brown color. However, in rainy season the color is 
clearly light brown in area of Ko Moeng (Fig 4). It is indicated that in cool season Figure 2 has the most 
polluted and in rainy season has less polluted (Fig 4). It should be due to the amount of water from other 
rivers and from rain which could cause less pollution in this area. 
 
 
      Figure. 2. WQI in the Cool Season (Nov 2008- Feb 2009) 
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    Figure. 3. WQI in the Hot Season (Mar -Jun 2009) 
 
   
Figure. 4.  WQI in Rainy Season (July-Oct 2009) 
 
The above maps clearly identify Pai Ling, Ho Rattanachai, and Hantra districts as the most highly 
polluted areas, and the primary targets for alleviation. Some eastern (Hua Ro) and south-western 
(Pratuchai) parts of Ayutthaya Island are also at risk, at moderate levels. Clearly, the observed pollution 
levels largely follow the spatial distribution of the population density in the watershed (Figure 5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 5.  Density of Population (R1: Chao Praya River (A4, A5, A6, A7 sampling points); R2: Lopburi River (A2) and Klong Moeng 
(A3); and R3:  Pa Sak River (A1, A8) 
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Diffuse pollution from agriculture is a recognised threat to threat to water quality in rivers. The GIS 
system also indicates that some agricultural areas in the province significantly contribute to river 
pollution, with increased levels of PO4, NO3, and BOD. The areas around A1 and A2 sampling station 
have mainly rice paddies and corresponding low population densities.  
 
 System expansion and upgrade 
The presented GIS system is currently under further development in several aspects. It will be linked 
to similar systems established at up- and downstream provinces along the major rivers and the number of 
data sampling stations will also be increased. This development will be a significant step towards the 
integrated management of major river basins and catchments.  
Another aim is to enhance the current GIS system to provide river water quality modelling 
capabilities. While both analytical and date-driven water quality models are in the focus of ongoing 
research [1], [7], [11], the use of hydroinformatic models for environmental assessment and management 
is limited. This is partly due to difficulties in input data preparation and the interpretation of model 
outputs [12], and especially in case of developing countries, partly to limited funding. The integrated 
system will facilitate enhanced spatial data organisation and analysis, and the informative presentation of 
model forecasts to estimate environmental exposure and risks 
 
4. Conclusions 
 
From this study the high risk or critical of water supply quality are in the East of Ayutthaya island 
which were Tumbon Pailing, Horatanachai, and Hantra. In the west of Ayutthaya island, it demonstrated 
that the quality of surface water are in average and some are in warning or low risk. 
We have studied the water quality assessment of various water bodies in sampling areas such as Pa 
Sak, Lobpuri and Chao Praya rivers in different seasons then the water quality of the Pa Sak and Lobpuri 
river junction follow past A8 is found to be the most polluted and A6 is moderate polluted. 
The diversity index is another effective tool to monitor water quality. The results of H index show the 
relation between water quality index, land use, community and human activities. The area of upstream 
water (before Ayuthaya Island) show the high H index compare with area around Ayuthaya Island. Even 
though, BOD, DO and SS could not reveal significant correlated results of H index, it could assume that 
human activities and land use might be other main issues affect diversity of mollusks. 
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